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Abstract 
Thrombosis of left ventricular assist device (LVAD) pumps is a serious 
complication that often requires exchange of the device. A 66-year-old man with 
severe peripheral vascular disease presented with pump thrombosis of the 
HeartMate II (HMII) LVAD 1.5 years after implantation. The HMII was exchanged 
to another HMII through a subcostal incision and without the use of 
cardiopulmonary bypass. For safety, the patient was prepared for cardiopulmonary 
bypass by exposing the right subclavian artery and insertion of a 5 FR cannula in 
the left common femoral vein. The pump was exchanged through a subcostal 
incision made over the LVAD pump pocket perpendicular to the costal margin. 
After deairing the pump and graft, LVAD support was resumed, postoperative 
course was uneventful, and the patient was discharged from the hospital four days 
later. Re-thrombosis, stroke, and right heart failure are frequent complications after 
LVAD exchange. Exchange through a subcostal incision with cardiopulmonary 
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Background 
Pump thrombosis is a major complication of left ventricular assist device (LVAD) 
therapy that increases morbidity, cost of care, and often requires an exchange of 
the device.1 Less invasive techniques for safe device exchange have been 
devised and are associated with low mortality rates.2, 3 Device exchange without 
cardiopulmonary bypass through a subcostal incision minimizes bleeding with less 
postoperative complications and recovery time.4-6 In cases of pump thrombosis 
where thrombolysis is not a suitable treatment option and a heart transplant is not 
available, exchange of the LVAD is necessary. We present a case where off-pump 
exchange through the subcostal approach was successfully performed in a patient 
with severe peripheral vascular disease. 
 
Case Report 
A sixty-six-year-old man with ischemic cardiomyopathy was implanted with a HMII 
LVAD (Abbott, Chicago, IL) for destination therapy. The patient was not a 
transplant candidate due to severe peripheral arterial disease, including bilateral 
iliac artery stenosis. Before LVAD implantation, the patient underwent a right 
femoropopliteal bypass. At 18 months after LVAD implantation, the patient was 
admitted to the hospital with elevated lactate dehydrogenase and sustained LVAD 
pump power elevation. Anticoagulation therapy with bivalirudin was initiated. A 
ramp speed study indicated minimal flow through the LVAD, and a pump 
exchange was planned. The HMII exchange was completed through a subcostal 
incision and without the use of cardiopulmonary bypass. 
The LVAD pump speed was decreased from 10400 to 6800 rpms, and the patient 
remained hemodynamically stable. In case of hemodynamic decompensation 
during the procedure, cannulation for cardiopulmonary bypass was prepared. The 
right subclavian artery was exposed for an arterial inflow cannula placement. The 
left common femoral vein was cannulated with a 5 FR catheter using the Seldinger 
technique with Doppler ultrasonography guidance. A subcostal incision was made 
over the LVAD pump pocket perpendicular to the costal margin. The outflow and 
inflow connections were dissected free and exposed (Fig. 1).  
 
Figure 1. A clamp is used to stabilize and maintain control of the inflow portion of 
the left ventricular assist device. 
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The patient was fully anticoagulated with heparin, and inotropic support was 
provided as needed to maintain cardiac output. Usual hemodynamics monitoring 
with an arterial pressure line, pulse oximetry, and transesophageal 
echocardiography (TEE) were used. The HMII was stopped, and the driveline was 
transected near the pump, which allowed access to the pump and its connectors. 
The outflow graft was clamped, and the inflow and outflow attachments to the 
pump were disconnected (Fig 2). The replacement pump was immediately 
attached while back-bleeding through the pump de-aired the device. The 
percutaneous lead was tunneled to a new location on the left side of the abdomen.  
 
Figure 2. The outflow graft is clamped, and the field is ready to connect the new 
pump. 
With the outflow graft clamped, a 16-gauge needle was inserted distal and 
proximal to the clamp to de-air the outflow graft, pump, and left ventricle. Only 
minimal air was evacuated. The pump was started at 6400 rpm, and de-airing 
continued through the 16-gauge needle with direct observation of the left ventricle 
andQ ascending aorta graft connection with TEE. The pump speed was increased 
to 8800 rpm, which provided sufficient cardiac output. The explanted pump had an 
organized thrombus on the rotor bearing (Fig. 3). The subcostal incision was 
closed in a regular fashion leaving 24 Fr Blake drain, which was removed 48 hours 
after surgery. Anticoagulation was started on the same day with heparin; the 
patient was then transitioned to warfarin. The patient recovered without 
complications and was discharged to home postoperative day 4. 
 
Figure 3.  Thrombus formation on the HeartMate II rotor bearing. 
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Discussion 
LVAD pump thrombosis is a serious complication that has been reported to occur 
in as many as 12% of patients implanted with the HMII or the HeartWare 
Ventricular Assist Device (HVAD, Medtronic, Miami Lakes, FL).1, 7 Although clinical 
management to prevent thrombosis has been effective, device thrombosis remains 
a concern for all implanted devices.8 Pump thrombosis may result in cessation of 
circulatory support with abrupt heart failure symptoms, which necessitates prompt 
device exchange. Thromboembolism and stroke are also potential and severe 
complications. Heart failure and prior cardiac surgery establish a high risk for the 
exchange operation. Avoiding cardiopulmonary bypass and sternotomy appears to 
reduce the incidence of major complications associated with implantation or 
exchange.  
The subcostal approach for LVAD pump exchange was first described by Gregoric 
et al.6 and has become a preferred approach by many surgeons for this operation. 
Pump exchange through a subcostal incision and without cardiopulmonary bypass 
results in minimal bleeding complications, shorter operative time and ICU length of 
stay, and with lower mortality when compared to a sternotomy approach.5, 9, 10    
There are anatomic and hemodynamic factors to be considered before an off-
pump LVAD exchange can be safely performed. Regarding the anatomic factors, 
we universally obtain a chest computed tomography to delineate the position of the 
body of the pump. Of even more importance is the location of the inflow and 
outflow screw in relation to the subcostal margin. The inflow and outflow screw 
should be located at least 2-3 cms to the costal margin.  
With respect to hemodynamic factors, we evaluate the relevant parameters in the 
operating room. If the patient has a good contractility index and the amount of 
inotropic support is minimal, we assess the ventricles using TEE as well as the 
patient’s central venous pressure, pulmonary artery pressures, and mean arterial 
pressure. If the patient tolerates a low LVAD speed in the setting of a few 
micrograms/minute of epinephrine and a low dose of vasopressin with minimal 
variations on the hemodynamics mentioned above, the patient should be able to 
tolerate the pump exchange with no cardiopulmonary bypass support.  
 
Conclusion 
Because pump exchange is a high-risk operation, standby cardiopulmonary 
bypass should always be employed. The authors emphasize the critical 
importance of preparing the subclavian artery for arterial cannulation instead of the 
femoral artery in patients with severe peripheral arterial disease. It is important to 
stabilize the inflow cannula during the detachment of the pump, digital control of 
inflow cannula opening, and reattachment of the pump to the inflow cannula. We 
found these points essential to enable a safe, off-pump exchange procedure. 
LVAD pump exchange is necessary for the majority of patients who develop pump 
thrombosis, and re-thrombosis and stroke have been observed in as many as 30% 
of patients following the exchange.3 Right heart failure following pump exchange is 
also a frequent complication after a device exchange that requires careful 
monitoring and treatment.11 LVAD pump exchange can be safely performed via 
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subcostal incision without cardiopulmonary bypass, but post-exchange 
complications are a real concern. 
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